


𝑣DM ∼ 10−3

Dark Matter

𝜌DM ∼ 0.2 GeV/cm3

strong self-interactions

→ ultraheavy composite blobs

(𝑚DM ∼ kg~1027GeV )

weak self-interactions 

→ light elementary particles, e.g. WIMPs



How to directly detect?Dark Matter

𝜌DM ∼ 0.2 GeV/cm3 𝑣DM ∼ 10−3
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𝜌DM
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but each very powerful

𝑚DM𝑣DM
2 ↑,  𝜎DM ↑

strong self-interactions

→ ultraheavy composite blobs

(𝑚DM ∼ kg~1027GeV )

weak self-interactions 

→ light elementary particles, e.g. WIMPs



𝜌DM ∼ 0.2 GeV/cm3

How to directly detect?

strategy: maximize 𝑇exp𝐴exp

Dark Matter

# of events ∼
𝜌DM
𝑚DM

𝑣DM𝑇exp𝐴exp

rare transit

but each very powerful

sensitivity not an issue, one transit is enough

# of events > 𝑂 1 sets max 𝑚DM

𝑣DM ∼ 10−3

𝑚DM𝑣DM
2 ↑,  𝜎DM ↑

strong self-interactions

→ ultraheavy composite blobs

(𝑚DM ∼ kg~1027GeV )

weak self-interactions 

→ light elementary particles, e.g. WIMPs



109 yr

Real-time: 10 yr × 100 m 2

Ancient: 109yr × 10 m 2 = 10 yr × 100 km 2 𝑚DM < 100 kg

Some tracks preserved



SM nuclei

1 kg

109 yr

dark blob

Real-time: 10 yr × 100 m 2

Some tracks preserved

Ancient: 109yr × 10 m 2 = 10 yr × 100 km 2 𝑚DM < 100 kg

𝑣DM~10
−3



𝑣DM~10
−3

1 kg

Long, very straight, microscopic diameter tracks

109 yr

strong damage

dark blob

Real-time: 10 yr × 100 m 2

Some tracks preserved

Ancient: 109yr × 10 m 2 = 10 yr × 100 km 2 𝑚DM < 100 kg

SM nuclei

𝐸max ∼
1

2
(𝐴𝑚𝑝)𝑣DM

2 ∼ 10 keV



𝐸max ∼
1

2
(𝐴𝑚𝑝)𝑣DM

2 ∼ 10 keV

1 kg

109 yr

massive, hard to stop

Real-time: 10 yr × 100 m 2

dark blob

Some tracks preserved Long, very straight, microscopic diameter tracks

Ancient: 109yr × 10 m 2 = 10 yr × 100 km 2 𝑚DM < 100 kg

𝑣DM~10
−3

SM nuclei



1 kg

109 yr

probe more parameter space

dark blob

Real-time: 10 yr × 100 m 2

Some tracks preserved Long, very straight, microscopic diameter tracks

Ancient: 109yr × 10 m 2 = 10 yr × 100 km 2 𝑚DM < 100 kg

𝐸max ∼
1

2
(𝐴𝑚𝑝)𝑣DM

2 ∼ 10 keV

𝑣DM~10
−3

SM nuclei



1 kg

Which rock? How to scan? 

109 yr

dark blob

Real-time: 10 yr × 100 m 2

Some tracks preserved Long, very straight, microscopic diameter tracks

Ancient: 109yr × 10 m 2 = 10 yr × 100 km 2 𝑚DM < 100 kg

𝐸max ∼
1

2
(𝐴𝑚𝑝)𝑣DM

2 ∼ 10 keV

𝑣DM~10
−3

SM nuclei





Sample

electron beam

CL

time

Nlead
Nuranium



Geometric rejection



This took 5 s/mm2

(the bottleneck)

reach: 𝑚DM < 100 kg



𝑑𝐸/𝑑𝑥

𝑚DM



𝑑𝐸/𝑑𝑥

> 1 transit

not-slowed after 1 km 

𝑚DM
100 kg

blob passing with 𝑣DM~10
−3



𝑑𝐸/𝑑𝑥

melt R> 𝜇m

> 1 transit

not-slowed after 1 km 

𝑚DM
100 kg

MeV

Angs

melting condition: 𝐸kick > eV









𝑚𝜒 ∼ 𝛬𝜒

𝛬𝜒
−1

ℒ = ⋯−
1

2
𝑚𝜙
2𝜙2 − 𝑔𝜒𝜙𝜒 ҧ𝜒 + 𝑔𝑛𝜙ത𝑛𝑛

𝑅

𝑚𝜙
−1

𝑛

𝑔𝑛 𝜙 ∼
𝑔𝑛𝑔𝜒

𝑚𝜙
−1

𝑚𝜙
−1

𝛬𝜒
−1

3

= constant, 𝑟 < 𝑅







[ancient mica]  1026 GeV < 𝑚DM < 1029 GeV [O(1) blob transit]

[melting 𝜇m-radius cylinder]  
MeV

Ang
<

𝑑𝐸

𝑑𝑥
< 1013

MeV

Ang

𝑚DM

100 kg
[blob not slowing]

[melting threshold]  eV < 𝐸kick < 10 keV [kinematics]


